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PHYSICAL PROPERTIES OF THE APCLLO 12 LﬁNAR FINE

Apollo 12 Grain Size Analysis

The general appearance and the appearance under the mlcroscope of

f=

m
1=

all samples of fines are rather similar, and the measurad optic

properties also show small but significant differences only. Al-

- though %his type of uniformily was expected as a consequenee of
_ ground-based optical observations of the moon, it nevertheless
“has to be emphasized as a remarkable conclusion.

The particle .size distribution has been determined by two
.methods: electfon microscopy and sedimentation rate in'e column
of water. The first was described in the Apollo 11 report and is
of greatest value for particle sizes ranging down from 10 microns
tq less than 0.1 micron; it utilizes ecanning elactron micrdgraphs'
‘.of small "sections" of powder. - The second method utilizes a
-sedimentation column which has been improved and perfected more-

recently.

The water sedimentation column consists of a vertical pipe

plate. - A photographic flash gun is imaged through-e 1arée aperture
‘lens with focus just below the.poinf ef entry of ﬁné tdbe. Flash
synchronized photographs'aretteken 1ﬁ a viéwipg difecfionlperpen—v
dicular to tﬁe direction of the light.- Straj.and multipiy scettered
light is cerefully excluded, and as a result the light scatfered

by a particle as small-as 1 micron gives a perfectly recordable

image. The water column is heated at the top and the temperaturs
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: ,distfibution along it is cgrefullv COHuPOll“d so that no thermal

convection’ can set in. The papticie sizes are deduced by Scokos'

- Law assuming them to be spherical. Wnile this is of course not
“accurate, the optical and eleciron nicroscope examination showed

" the particles to be on the whole rather compact shazpes, making this

error rather small. Freedom from disturbing convection in the column
is demonstrated by taking the photograbhs iﬁ pairs with a short
durétioﬁ in betvween, showing that each group of particles has
settled a distance in that short time avpropriate to its settling
time from the top.

For an abéoWute neasurement tqws mcthod would perhaps not
be sufficiently accurate, both for reasons of thas particle shapes
and perhaps_also their unknowuwn densitiesi_ For a comparison the
method is very good, and it is much easier to accumulate good
statistics than by the method of counting particles under the
microscope.

Figure 1 compares the small-size particle size distribution

of the Apollo 11 bulk box with that of the Apollo 12 contingency

'samole~ the data,obtained by electron n1croscopy,are plotted as

the cumulative numoer, per cubic centlmeter, of particles larger
iﬁ size than the abscissa value. A porosity of OL5 is assumed and
the numbnr of particles counted is about 2000 in each case. The

two curves are very similar, showing grzatest divervence at particle

- sizes of a few microns; the differencé, which amounts to less thap'

a factor 2.5, 1s probably real. 1Its significance is shovm a little

- more clearly in Figure 2 in which the differential rather than

cumulated particle density is plotted.
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The ApoTIO 12 contingency sample and three core samples have
been analjzed by the sedi ientation column method, the comparisons
are shown on Flg‘res 3 and 4. From these curves it would appear

that th° sur;aco sample from Apollo 12 is slightly coarser grained

than that from Apollo 11. Among the core samples there is also a
slight, but nevertheless significant, variation in the grain size
distribution, with the deespesr samples being richer in small par-

ticles than the surface and close subsuriace bneé. Although the
differences between the various samples shown in Figures 3 and H‘
are sm2ll, the’d}ffereﬁce betweén fhe Apollo 11 and the Apollo 12
surface sample szems to be quite definite, as is the difference of
twoe core samples from the remainder of the Apollo 12 material.

The fact that the grzin size distribu tion in the core sample
shows.31gnificant differences within tens of centlmeters varia-
tion of deoth reguires some comment. If these dlzlerences
represent layers transporuea there from alflerent locatlons, then
‘these laysrs are evidently only some tens of centimeters in thick-
ness} Since their deposition the ground must nqt have been mixed
up and‘homogeniied on a local scale by small meteorite impacts.
The déposition of layers was evidently é faster procesé than any
.turnlnc over throuch the action of meteorites, at any rate at
this particular site.

Ir the'soil is generally found to be deposited‘in,layers
~distinct eithér in particle size distridbution or albedo (as the
core photographs clearly suggest) or in_chémical composition, (and
the Apollo 12 site seems quitelrépreéentative of mgst.mare.gréund)

then this must have a profound effect on the discussion of the
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derivation of the macerial. Such layers could be derived from the
materiél thrown out‘in crater—formina.events at a distance at
which the character of Lhe natorlal was suf11 ntly lefereﬂc.
ALayewq could be pveserVed onlg ¢f the ground 'asﬂéraduale bclng
fllled in, faster than it was belng plowed over. . The probability
of adding some tens of centimeters of height per unit time nust
;be greater than the probability of plowing to that depth by a
local impact in the same period. The size distribution of meteor-
ites would then have co be very different from the law found at
the present time, with a remarkeble absence of:small meteorites
The law found at the presentvtime would certainly be far on the
side of mz2king the ground plowed over locally much faster than
filled in from afar. It is for this reason that most investiga-
tors believe the moon has been subject to a local "gardening"
process. | |

There is another possibility and it is connected with tﬁe
>hypothesis that the dust is subject to a surface transportation
process. If the mare ground is gradually being filled in from
-material eroded away from'higher‘terrain, then this will brecduce a
layered structure so long as the filling in process is faster than
the local meteoritic'piowiné. Individuzl 1ayeré of ray'meterial
from a distant impact would then mostly be preserved by the.ac—
cunulated overburden. It 1s then not necessary co‘invoke a very
anomalous size districutioc of meteorites in’ order to'preserve
layers from distant crater events. 1In addition the'surface trans-
poftation process itself may chaoge the source of origin of .

material reaching a given point, and distinct layers~méy arise
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from'this'cause also.

| -'FigdresAS.aﬁd'G comparé tﬁe‘résulté dbtéinéd by eléétron—
microscopy and the sedimentation cdlumn method fdr the Apollo 11

“iénd;12'bu1k.séﬁblés}”"

Dielectric Constant Measurement

The measurements of the high frequency electrical propsrties
at 450 1z do not disciose any markéd.difference in the dielnctric.
conétant of powder material from site to site. In Figure 7 the
dielectric constént measurements; as a function of bulk powder
density, are shown for two Apollo 12 éites——one at a depth of 15 cm
Sele the surface--as weli as for the Apollo 11 bulk sample. The
two Apollo 12.samples were chosen fér their contrasting physical

appearances, sample 12033 being much lighter in color and finer

in texture than sample 12070. The variation of dielectric constant
with density follows the Rayleigh formula (Campbell ;nd Ulriphs,
.1969) in all cases and, indeed, a single such curve fits all the
data within #1 percenf excepting oﬁly @he highest density point -
of sample 12070. The ground-based radar determinations of the di-
electric constant are in completé accord with thése:ﬁeasuremants it
one assumes a density of about 1.7 g em™3 for the.soil at a deptﬁ
of 20 cm, an assumption which does no violence to the.known proper-
ties of the soil.

Also shown on Figure Z.afe dielectric.constant——density points
for four solid lunar rocks, two each from'Apoiios 11 and 12. The
latter pair, 12063 and 12065, are very similar.pé£rologically and

lie closely adjacent in the figure. Some allowance should ba
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madé for the porqsity (&15%) of sample 10022 but this caﬁnot greatly
change the séatter of the poinés corrasponding to this small but
not atyo1cal seleCulon of rockq an§ of the fqurAsolid_rocksi
nor any mixture of them, could be qround to.a pdwder with the
electrical properties of the dust samples, a conclusion 1in wnich
we concur with the nlneraloolsts

Flgure 8 shows 1n a similar way the ‘variations with density
of the absorptlon lengtnh in the pomder samples, with points for
the four solid rocks in addition. Again, assuming plausible den-
sities for the poﬁder at depths of a few centimeters, the data
agree with prior ground-based radiothermal observétions'by Tréitsky

and others. i

o~

Optical Properties

The optical reflectivity and polarization of the Apollo 12

soil sample were measured as a function of phase angle with the
: \ : P g

_same instrument and in the same manner as done previously for the.

Apollo 11 samples (2). Both Apoilo 11 and 12 samples were pre-

pared by gradually drppping the fine-grained soil from a height

of about 2 cm onto a sample tray.

Figures 9 and 10 indicate the dependence of reflec»1v1tj and
polarization.on phase angle for two viewing angles, e, -of 0° and
60°, as'measured.frdm the normal to the surface of the sample.

Vhile the Apollo 11 and 12 samples have similar photometrib curves,

"the Apollo 12 sample_is noticeably brighter than Apollo ll'

(Figure 9) The curves labeled "Moon" are taken from Hapke (5)

and normallzed to the normal albedo of the Apollo 11 sample. The
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proilo 12'soil has a normal albedo at .56y wavelengtﬁ of .125%.003
as comparea with .102i.003 for the Apollo 11 sample. Moreover,
~the Apol;o 12 5011 1s redder than both the Aoollo so'l and the
vvhean value for tho moon (H) Flnally the Apollo 12 soill shows
greater reddening with phase angle than th° Apollo 11 soil. At
e=60°, the photometric functions of both the Apollo 11 and 12
soils indicate a flattenlnf towara larger phase angles compared
w1th the lunar curve. The.dlfference can probably be'attrlbuted'
to large scale roughness of the lunar surface'as observed from |
the earth.

In Figure 10 the polarization of the Apolio 12 soil is rery
simi;ar to that of the moon as a whole (3). However, for e=60°
both samples show peaks in polarization at greater phase angles
than for the moon (5). The maximum polarization from the Apollo 12
sample is in, good agreement with earth-based observations;.while
tbat of Apollo 11 ie anomaloﬁsly high. The interpretation of these
'data is somewhat uncertain, however, because of such factors as
compaction, interaction with moisture and relative quantitiee of __;
surface and subsurface soil contaihed in a given'sample;

A study of the dependence‘of polarization and~reflectivity
on the degree of compaction, along with spectroohotometry of |

Apollo 12 soll and rocks, will be reported elserhere (6)
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Figure Captions

Figure 1. The cumulative particle size distribution for the Applio
11 and 12 bulk fines, determined from eléctronmicrosdope data.

\:‘

) . !
Figure 2. The differential particle size distribution for the
Apollo 11 and 12 bulk fines, determined from electronmicroscope_data,
'Figure 3. The differential particle size distribution for the
Apollo 11 and 12 bulk fines, determined with the sedimentation

column method.

Figure 4. The differential particle size distribution for the
Apollo 12 bulk and core samples, determined with the sedimentation

colurmn method.

Figure 5. Differential particle size distribution for the Apollo
11 bulk fines. Curve fits the electron microscope data, sedi-

mentation data are also shown.

Figure 6. Differential particle size distribution for the Apollo
12 bulk fines. Curve fits the eleét:on microscope data, sedimen-

tation data are also shown.

Figure 7. Dielectric constant meésurements.for two Apollo 12
'powder Samples and the Apollo 11 bulk sample, as a function of
bulk powder density. Dielectfic constant vs. density points for

- four so0lid lunar rocks are also shown.




Points for four solid rocks are also shoin.
Figure 9. (a) Reflectivity of th

- Color index B-V of the powder sanmpl
- ¥ _ T
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Figure 8. The variation with density of the absorption length in

.

two Apollo 12 powder samples and the Apbllo 11 bulk sample.

4]

£pollo 11 and 12 soil vs phase

P . N (o] '
angle at .56y wavelength for viewing angles ¢=0° and 60°. (b)

(o)
s vs phase angle for e¢=0",

(6]

RN

Also plotted are (c) the reddeningz juncition of the entire noon,
as determined by Gehrels et al. (%4), and (d) B-V values for a

region of Mare Trangquillitatis,

Figure 10. The polzrization of the Apollo 11 and 12 powders

, . . s . ] )
vs phase angle at .56y wavelength for viewing angles e€=0° and

60°.
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